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ABSTRACT

The 1985 NSRP "Design For Production Manual"
(SP-4,1986) describes of a Build Strategy
basis for improved shipbuilding performance through
front end involvement of all departments and better
COmmunication. A number of U.S. shipbuilders are
known to have used the approach However, the extent
of its use and the experience of the users was unknown.

To remedy this situation the SF-4 Panel conceived a
project to determine;(I)how widely "the Build
Strategy approach” was known and used by U.S.
shipbuilders, and (2) a suitable Build Strategy
framework with examples of its use for two typica ship
types.
ypThis paper summarizes the performance of the
project and briefly describes the findings of the U.S.
and foreign shipyard surveys and visits, the rquired
prerequisites for use of a Build Strategy and benefits
from Its use. It also includes the contents list for the
proposed Build Strategy framework

INTRODUCTION

All shipbuilders plan how they will build their
ships. The plan may be only in someone's head or a
detailed and documented process involving many
people. Often different departments prepare
independent plans which are then integrated by a
"Master Plan/Schedule"..

A Build Strategy is much more than the normal
planning and scheduling and a description of how the
Production Department will build the ship.

Many shipbuilders use the term "Mild Strategy" for
what is only their Production Plan. In terms of this
project, this is incorrect. The term "Build Strategy" as
used throughout this paper has a specia specific
meaning. It Is aso recognized that some shipbuilders
have a process very similar to the Build Strategy
approach but do not call it such
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What is the meaning by the term Build Strategy for
this project? Before specifying this, the ams of a Build
Strategy are briefly discussed

It:

| applies a company's overall shipbuilding
policy to a contract

| provides a kprocess for ensuring that
deaign development takes full account of
production requirements, _

| systematically ' dmduces’ production
engineering principles that reduce ship
work content and cycle time,

| identifies interim products and creates
product-oriented approach to
engineering and planning of the ship,

| determines resource and skill
retirements and overal facility loading,

| identifies shortfallsin capacity in terms of
facilities, manpower and skills

| creates parameters for progmming and
detail planning of engineering
procurement and production activities

| provides the basis on which any eventual
production of the product may be orgainzed
Including procurement dates for "long lead"
materia items.

|« ensures dll departments contribute to the
Strategy,

| identifies and resolves problems before
Work on the contract beings, and

| ensures Communication, cooperations,
collaboration and consistency between the
various technical and production functions.

In summary:

A BUILD STRATEGY ISAN AGREED DESIGN,
ENGINEERING, MATERIAL MANAGEMENT,
PRODUCTION AND TESTING PLAN, PREPARED
BEFORE WORK STARTS, WITH THE AIM OF
IDENTIFYING AND INTEGRATING ALL
NECESSARY PROCESSES.



BACKGROUND

It was A&P Appledore that conceived and
developed the formal Build Strategy approach in the
early 1970's. It developed from the ideas and processes
generated to support the AZP Appledore associated
"Ship Factories” at Sunderiand and Appledore. The
detailed work breakdown, formalized work sequencing
and- very short build cycles associated with these ship
factories required the communication, coordination
and cooperation that are inherent in the Build Strategy
approach.

British Shipbuilders adopted the Build Strategy
approach for all their shipyards (Vaughan, 1983)* and
AZP Appledore consulting group continued to develop
the approach as a service to their clients.

The Build Strategy approach was introduced into
the U.S. by A&P Appledore’s participation in IREAPS
conferences, as well as through presentations to
individual shipbuilders and the SP-4 Panel (Craggs,
1983; A&PA, 1983; and A&PA, 1984).

A&P ' Appledore consulting to NORSHIPCO,
Lockheed Shipbuilding Company and Tacoma Boat
introduced the use of the Build Strategy approach to
U.S. shipbuilding projects Fmally the Build Strategy
approach was described in the DESIGN FOR
PRODUCTION Manual, prepared by A&P Appledore
for the SP-4 Panel (SP-4,1986).

The concept of the Build Strategy has existed for a
mumber of years, and there has been an ongoing
development of the concept in those shipyards which
have adopted the Build Strategy approach. During this

time, chmvardc in Britain and other countries, have

J e Sih Afsstiaiii, Getw Viliwd Woeees

had oonsxderable experience in applying this
technology, and it was appropriate to update the
original Build Strategy approach in the light of this
experience.
¢ ic a Lnauam fasrt bt sinfarminatahry a nnat an nffan
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practiced approach, that the performance of any
endeavor will be improved by improvements in
commumnications, cooperation and collaboration. A
Build Strategy improves all three. it communicates the
intended total shipbuilding project to all participants.
This communication fosters improved cooperation as
everyone is working to the same plan. It improves
collaboration by involving most of the stakeholders
(interested parties) in its development.

Why was ihis project necessary? it was perceived
by some shipbuilders and the U.S. Navy that the formal
documented Build Strategy approach had not been

enthusiastically embrawdbyU S shipbuilders.

* See REFERENCES

If the Build Strategy approach is thought to be such
a good idea and/or shipbuilding improvement tool, it is
surely worthwhile to try to find out if this is the case,
and, also to find out why it is not being used by U.S. -
shipyards.

PREREQUISITES FOR A BUILD STRATEGY

A Build Su'ategyoozﬂdbeprodmdasastandaionc

docnment for any ehan to be built by a shioy
oulit vy a uup]d.lu UllL ll

wouldbeag:mtdmlthxckerandwouldtakcalotmom
effort to produce if certain other documents had not
been prepared earlier.

The first of these documents would be the
shipyard's Business Plan, which will probably exist in
most shipyards. A DBusiness Plan sets out the
shipyard's ambitions for a period of years and describes
how the shipyard aims to attain them.

Next a Shipbuilding Policy should be in place. The

P, -4 3_£2__ _ A
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intends to build plus the optimum organization and
procedures which will allow it to produce ships
efficiently. The Shipbuilding Policy will also include
methods for breaking the ships in the product mix into
standard interim products by applying a Product Work
Breakdown Structure. Areas in which the interim
products will be produced and the tools and procedures
to be used will also be defined.

Ideally, a Ship Definition Policy will also exist.
This specifies the format and content that the
engineering information will take in order to support

the manner in which the chins will be built.

A 2di VNAMAWAL Salw ST FAAA VW WALl

If any of these documents do not exist, then the
information relevant to a particular contract that would
have been in them will have to be produced and
included in the Build Strategy.

RELATIONSHIF BETWEEN SHIPBUILDING
POLICY AND BUILD STRATEGY

A Ol . 1.3l o L dlaa AL fal.. £ L
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optimum organization and build methods required to
produce the product mix contained within the
company's shipbuilding ambitions, as defined in the
Business Plan. The Slnpbmldmg Policy is aimed
primariiy at design rationalization and standardization,
together with the related work organization, to
simulate the effect of series construction. This is
achieved by the application of group technology and a
product work breakdown, which leads to the formation
of interim product families.
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A Shipbuilding Policy is developed from a
company's Business Plan, which usually covers a
period of five years and includes such topics as:

® the product range which the shipyard aims to
build,

¢ shipyard capacity and targeted output,

® targets for costs, and

¢  pricing policy.

The product range is identified, usually as a result
of a market study.

The relationship between a DBusiness Plan,
Shipbuilding Policy, and Build Strategy is shown in

In essence, the Shipbuilding Policy comprises a set
of standards, which can be applied to specific ship
contracts. The standards apply at different levels:

dimensions, and so on; applied at the
Conceptual and Preliminary Design stages.

® Tactical, related to analysis of planning units,
process analysis, standard products and
practices, and so on; applied at the Contract
and Transition Design stages.

®  Detail, related to work station operations and
accuracy tolerances; applied at the Detail
Design stage.

Because shipbuilding is dynamic, there needs to be

Figure 1.
I COMPANY I
DIICTAITCC DY AN
f 1
{SALES/ HUMAN ACCOUNTING-
MARKETING RELATIONS | |& BUDGETARY]
POLICY & TRAINING} | CONTROL
POLICY POLICY
SHIPBUILDING POLICY
INTERPRETATION OF BUSINESS PLAN INTO POLICY INCORPORATING BEST PRACTICE
PRODUCT RANGE .
PRODUCTION PLANNING &
SHIP sHIY FACILITIES CONTROLL
DEFINTTION PRODUCTION SYSTEMS
® PRODUCT WORK | @ HET}KDS ® CAPACITY ® CONTROL
BREAXDOWN ®  CAPABLITY INFORMATION
STRUCTURE L4 ouumr OUTPUTS
& METHODS
*  PROCEDURES
o OUTPUTS
VESSEL
BUILD STRATEGY
APTLICATION OF FOLXCY
TOPAXTICULAR CONTRACT

Figure 1 - Build Strategy and Shipbuilding Policy

The Business Plan sets a series of targets for the
technical and production part of the organization. To
meet these targets, a set of decisions is required on:

facilities development,
productivity targets,

make, buy or suhcontract, and
technical and production organization.

® 000

These form the core of the Shipbuilding Policy.
The next level in the hierarchy defines the set of
strategies by which this policy is realized, namely the
Build Strategy.
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development. Also thestandazdstobeapphedwﬂl
Chau5= over time with product type, facilities, and
technology development.
The shipbuilding policy is therefore consistent, but
at the same time will undergo a structured process of
change, in response to product development, new

morbﬂfe &)m‘hhne ﬂmmlmm-nf and athae smeiatianae
Ci0PICHL, anG Ot varigtions.

The pohcyhasahmarchy of levels which allow it
to be applied in full at any time to a particular contract.

Therefore, to link the current policy with a future
policy, there should be a series of projects for change
which are incorporated into an overall action plan to
improve productivity. Since facilities are a major
element in the policy, a long term development plan
should exist which looks to a future policy in that area.
This will be developed against the background of
future business objectives, expressed as a plan covering
a number of years.

These concepts are summarized and illustrated in
TablesIand I,

Work at the Strategic level provides inputs to:

the conceptual and preliminary design stages,
contract build strategy,

facilities development,

organizational changes, and

the tactical level of shipbuilding policy.

L N B BE N J

At the strategic level, a set of documents would be

prenared which address the preferred product
PaAvpca AUALWID v PIUIVIAAL PIRIULL xa.usc

For each vessel type, the documents will include:

®  definition of the main planning units,
®  development of type plans, showing the

seqmence of erection and
sequence of erection, and

@ analysis of main interim product types.



TABLE 1
ELEMENTS OF SHI PBU LDI NG
PCLI CY

[POLI CY OVERVI EW
Policy Based on Business Plan Qbjectives
Sets (objectives for Lower Levels

CURRENT PRACTI CE

Existing Standards

"Last Best" Practice

Procedures to be Applied to Next Contract

PRODUCTI VI TY ACTI ON PLAN
Covers Next Twelve Months

Plans Inmprovements in Specific Areas
Is a Set of Projects

FUTURE PRACTI CE
Devel oped from Current Practice
I ncorporates Qutcome of Action Plan

3.2 Work Bsreakdown Structure
3.5 coding

3.6 Technical Information

3.7 Wrkstations

3.8 standards

3.9 Accuracy Control

0 PHYSI CAL RESOURCES

1 Qutline

2 Planned Changes and Devel opnent s
3 Rel ated Docunents

4 Mpjor Equi pment

5 Steel Preparation and Subassembly
6 Qutfit Manufacture

1 steel Assenbly

8 outfit Assenbly

9 Pre-Qutfit Wrkstations

10 Berth/Dock Area

1

4,
4,
4,
4,
4,
4,
4,
4,
$.
4,
4.
4.11 Engineering Department Resources

Procedures to be Applied to Future Contracts ?iooﬁHl P~ PRODUCTI ON' METHODS
: ine
LONG TERM DEVELOPVENT PLAN 5.2 Planned Changes and Devel opnents
Covers Facilities Devel opment 5.3 Related Docurents .
Covers a Five Year Period 5.4 Standard Interim Products, Build
Vet hods,
5.5 Qitical Dimensions and Tol erances
ThaLe
TYPI CAL LI ST OF CONTENTS IN A 58 Hill Construction
DETAI LED SHI PBUI LDI NG POLI CY 59 Outfit Manufact
DOCUNMENT S et
5.10 Qutfit Assenbly
1.0 OVERVI EW 5.11 Qutfit Installation
1.1 Qpjectives 5.12 Painting
1.2 Purpose and scope 5.13 services
1.3 Structure 5.14 Productivity Targets
5.15 Subcontract Werk
2.0 PRODUCT RANCE
2.1 Product Definition 6.0 SH P DEFI NI TION METHCDS
2.2 Qutline Build Methods 6. 1Qutline
6.2 Planned Changes and Devel opnents
3.0 OVERALL PHI LOSOPHY 6.3 Related Docunents
3.1 Qutline 6.4 Ship Definition Strategy
3.2 Planned Changes and Devel opnments 6.5 Pre-Tender Design
3.3 Related Docunents 6.6 Post-Tender Design




7.0 PLANNING FRAMEEWORK

7.1 Qutline

7.2 Planned Changes and Developments
7.3 Related Documents

7.4 Strategic Planning

7.5 Tactical Planning

7.6 Detail Planning

7.7 Performance Monitoring and Control

8.0 HUMAN RESOURCES
8.10utline

8.2 Planned Changeds and Developments
B.3 Related Documents

8.4 Organization

8.5 Training

8.6 Safety

9.0 ACTION PLAN
9.1 Outline
9.2 Projects and Time scales

The strategic leve will also address the question of
facility capability and Capacity.

Documentation on the above will provide input to
the conceptual design stage course, in those
cases where agent is undertaking the design
work and the builder has not been identified.

Documentation providing input to the preliminary
design stage will include:

| preferred raw material dimensions,

| maximum steel assembly dimensions,

| maximum steel assembly weights,

| materid forming Capability, in terms of

preferred hull configurations. _
| "standard" preferred outfit assembly sizes,

The policy documentswill detine preterences with
respect to:

* standard interim products

| standatd product processess and methods,
« standartd production stages,

| installation practices,

| standartd material sizes, and

| sandard piece parts.

The capacity and capability of the mgjor shipyard
facilities will also be documented

For the planning units, sub-networks will be
developed which define standard times for all
operations from installation back to preparation of
production infomation. These provide input to the
planning function.

At the Detail level, the policy provides standards for
production operations and for detail design.

The documentation will include:

workstation descriptions,
workstation capacity,
workstation capability.
design standards,

accuracy control tolerances,
welding standards, and

Reference to the standards should be made in
contracts, and relevant information made available to
the design, planning and production funcitons.

Aswith dl levels of the shipbuilding policy, the
standartds are updated overtime, in line with product
development and technologica change.

A ship definition is a detailed description of the
procedures to be adopted, and the information and
format of that information to be produced by each
department developing technical information within a
shipyard. The description must ensure that the
information produced by each department isin aform
suitable for the users of that information.

configuration and weights, based on facility These users include:

| capacity/capability, and
I "%span ardqpprefgrred service routes.

At the tactical level standard products and

roduction practices related to the contract and
ransition design stages, and to the tactical planning

level will be developed. All the planning units will be
analyzed broken into a hierachy of

products.

shipownersortheiragen@
shipyard management,
classification societies
government bodies,
other technical departments
design and drawing offices,
CAD/CAM center,
lofting
planning
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production engineering
production control,
mterial control,
imating,
procurement, and
| production departments

Preferably the ship under consideration would also
be of a type which has been identified in the
Shipbuilding Policy as one which the shipyard is nost
Stited to build. . o

The next best scenario would be that the ship being
desi gned s of a tdype for which a build strategy exists
W thrn the shipyard.

BENEFI TS OF A BUI LD STRATEGY TO U.S.
SH PBUI LDERS

|f mess production industries, such as automobile
manufacturing are examned, there is no evidence of the
use of build strategies. o

Soreshi pyards, which have a very [imted product
Variety, in terns of interimand final products,
general Iy speaking, also have no need for build
Strategies due to therr famliarity with the products. If
such shipyards, which are armngst the most productive
in the world do not use buil strategles, then why
should the US. industry adopt the build strategy

h?
Approac The answer lies in the differences in the

comercial environments prevalent and the gearing of
operating systens and technol ogies to the product mx
and marketing strategies. In ageneral sense, the nost
prodcutive have identified market niches,
devel oped suitable standard ship designs, standard
interim products and standard build methods. By
various neans, these yards have been able to secure
sufficient orders to sustain a skill base which has
become familiar wthvthose standards. As the degree of
simlarity in both interimand final products is high,
there has been no need to re-examne each vessel to
produce detailed build strate?i es, but many of themdo
as they find the benefitss greatly outweigh the effort.

It is most likely that the U'S. sfipbuilding industry's
re-entry into major commercial international markets
Wll begin with one-offs or at best very limted series
contracts. ~ Furthernore, as many U S. shipyards
believe that it will be most effective to concentration
complex vessels the build strategy approach will be a
key factor in enabling the yards to obtain maxinum
benefit fromthe many advanced technol ogies, nost of
whi ch have been nade available through the work of
the NSRP Ship Production Panels. A'so, the Build

Strategy approach will ensure that the way they are to
reapplied s well planned and communicated to all
I nvol ved,

Mbst shipyards will have el ements of a Build
Strategy Document in place. However, without a
formalized Build Strategy Docunent the Iines of
conmuni cation may be too informal and variable for
the most effective strategy to be developed. .

A wel | organized shipyard will have designed its
facilities around a specific product range and standard
production methods which are supported by a variety of
technical and admnistrative
developed according to the requirements of production,
and detailed in a %m pbui [ ding Policy. In this case,
When new orders are received only work which is
significantly different fromany previously undertaken
needs to reinvestigated in depth in order to identify
possible difficulties.

Vhere it has not been possible to mnimze product
Variety, such investigations will become crucial to the
effective operation of the shlJ)yard. The out cone of
these investi gaﬂons Is the Build Strategy Docurent.

A Build Strategy is a unique planning tool. By
integrating a variety of elenents together, it _provides a
holistic beginning to end perspective for the project
devel opment schedule. It is also an effective way of
capturing the conbined design and shipbuilding
knowl edge and proceses, so they can be continuously
improved, updated, and used as training tools.

A Build Strategy effectively concentrates traditional
meetings that bring all groups involved together
evaluate and decide on how the ship will redesigned,
procured, constructed, and tested before any tasks are
comnenced or any information is " on"

fTh|e| objectives of the Build Strategy Document are
as fol | ovs:

| To identify the new vessel.

| To identify the design and features of the new
vessel

| To identify contractual and management
targets,

| To identify degartures fromthe shipyard's
shi pbui [ ding Policy.

| To identify constraints based on the new
vessel being designed/constructed particularly
with reference to other work underway or
envi saged.

| To idenlify what must be done to overcone
the above constraints.

The ast ob&ecti_ve Is particularly important as
decisions taken in one department will have
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implications for many Others. This means that
effective interdepartmental communication isvital.

The very act of developing a Build Strategy will
have benefits due to the fact that it requires the various
departments involved to communicate and to think
rationally about how and where the work for a
particular contract will be performed. It will also
highlight any potential problems and enable them to be
addressed well before the “traditional” time when they
will arise.

If a Shipbuildng Policy exists for the company,
then it should be examined in order to ascertain if a
ship of the type under consideration is included in the
preferred product mix. If such a ship type exists then
certain items will aready have been addressed.

These items include:

| outline build methods

| work breakdown structure,

[ C\(/)vg}l?géti ons,

| standard interim products,

| accuracy control,

| ship definition methods,

| planning framework,

| physical resources atshipyard,and
.human resources.

One thing which is unique to any new ship order is
how it fitsin with the ongoing work in the shipyard.
The Current work schedule must be examined in order
to fit the ship under consideration into this schedule.
key dates, such as cutting steel keel laying,launch
and delivery will thus be determined.

Using the keydates other events can be planned.
These events are:

| key event program,

| resource utilisation,

* materia and equipment delivery schedule,

| material and equipment ordering schedule,

| drawing schedule,

| schedule of tests and trials, and

| stage payment schedule and projected cash
flow.

Once the major events and schedules are
determined they can be examined in detail to expand
the information into a complete build strategy. For
example,the event program can be associated with
the work breakdown to produce planning Units and
master schedules for hull, blocks, zones, equipment
units, and systems.

The Build strategy Document should beused by all
of the department listed above, aud a formal method
of feedback of problems and/or proposed changes must
be in place so that agreed procedures cannot be
changed without the knowledge of the responsible
person. Any such changes must then be passed on to
al holders of controllcd copies of the build Strategy.

The Build Strategy is used to facilitate and
strengthen the communication links. It should bring
Up front and be used to resolve,potenlial conflicts
between departments N areas of design details,
if a manufacturing process,make by desicions and
inthe delivery godls. _

ABuIld Strategy can be usd as an effective people
empowerment tool giving Participants the
opportunity to workout al their needs together in
advance Of performing the tasks.

The intent of a Build Strategy is to disseminate the
information it containg to al who can benefit from
knowing it. Throughout this report it is described as a
hard copy document but today it could well be
electronically stored and disscmstesmmhr ough | ocal
area network stations.

Producing a Build Strategy Document will not
guarantee an improvement in _productivity, athough,
as stated earlier, the process of producin the document
will have many benefits. Full benifits will only be
gained if the strategy is implemented and adheredto.

Positive effects of the Build Strategy approach are
two-fold

. During production managers and foremen
have a guidance document which ensures that
they are fully aware of the construction plan
and targets,even those relating to other
departments. This reduces the likehood of
individuals making decisions which have
adverse effects in other departments.
Although often quoted by shipyards as being
the reason for a Build Strategy, the benefits
accruing from this are not major.

| Prior to production, the use of the Build
Strategy approach ensuresthat the best
possible overall design and production
philosophy is adopted crucia
Communication between relevant departments
is instigated early enough to have a significant
influence on fina costs. It is therefore the
structured, cross-discipline philosophy which
provides the down stream reductions in costs,
and this is the mgjor benefit

A yard which develops a strategy by this method
will gain all the advantages whether or not a single
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Build Strategy Document is produced. However, the
imposition of the requirement for a single document
should ensure that the development of the strategy
follows a structured approach.

Perhaps the single most beneficial aspect of a Build
Strategy is, that by prepanng one, the different
deparimeiiis have io iaik io each other as a ieam at the
right time. A Build Strategy is a "seamless" document.
It crosses all traditional department boundaries. It is
an important step in the direction of the seamless
enterprise. The most evident benefit is improved
communication brought about by engaging the whole
company in discussions about project goals and the

bhect wav to achieva them Tt eliminates nracecefrewnrle
oSS WAy 1o achueve ¢ SaMInalts process Wik

problems due to downstream sequential hand-over of
tasks from one department to another by defining
concurrently how the ship will be designed and
constructed.

Some of the advantages mentioned by users of the
Build Strategy approach are:

serves as an effective team building tool,
requires that peopie share their viewpoints
because they need to reach a consensus,
places engineers face to face with the
customers - purchasing, production, test, etc.,
® expands peoples view of the product (ship) to
include such aspects as maintenance,
customer training, support service, etc.,

frctore otrnneo Intaral Aammyuniratian
AVIUWwID auvus ACAUWA GE WAJAALLLLULLE WG LIS AL,

@ saves time through concentration on parallel
versus sequential effort,

® facilitates resolution of differences and

misunderstandings much earlier,

greatly improves commiiment ("ouy in") by

participants and the effectiveness of the hand-

over later,

®  serves as a road map that everyone can see

and reference as to what is happening,

facilitates coordinated communication, and

® develops a strong commitment to the process

and encoessfnl commietion of the Prgjgg!_

Qe
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There are a few disadvantages mentioned by users,
such as:

¢ effort and time to prepare the formal Build
Strategy document,

@ total build cycle appears longer to some
participants due to their earlier than normal
involvement,
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@  cross functional management is not the norm
and most people currently lack the skills to
make it work,

®  experts who used to make indenendent
decisions may have difficulty sharing these
decisions with others in developing the Build
Strategy, and

® aBuild Strategy describes the complete
technology utilized by a shipyard and if given
to a competitor, it could negate any
competitive advantage.

However, the users felt that the advantages greatly

Atvvoioh tha dicadvmntnons
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PERFORMANCE OF THE PROJECT

Although it was known that a mumber of U.S.
shipbuilders have utilized Build Strategies, it was not
known how many and how effective they were,

A number of shipyards and the U.S. Navy believed
in the benefit of the Build Strategy approach and this
project was undertaken to accomplish the following

objectives:

® To determine, for a number of U.S. shipyards
involved in building the selected ship types,
capabilities and limitations, and to classify
them into common U.S. industry criteria.

T Aatasmnina han: sname TTQ ottt t13.
AV UBIauae 2UW dialdy U.O. SMpusnacts

currently use formal documented Build
Strategies.

® To familiarize U.S. shipbuilding personnel
wuhtheBnﬂdStrategyapptoach,
requiremenis, and benefiis.

® To determine U.S. shipyard perceived need for
a formal Build Strategy.

® To prepare a generic Build Strategy that can
be used by U.S. Navy program office during
concept, preliminary, and contract design, as
well as U.S. shipyards, as the basis for the

Rnild Strateov far a cnecific nriect

Saive WIABLWE ) AVA G UM WWALLW BAVjWVE.

® To prepare specific examples of the use of the
generic Build Strategy for two selected ship
types.

¢ To provide a final report on the findings of the
shipyard survey on the use of formal Build
Strategies, the perceived requirements,
shipyard capabilities and limitations and how
they were used/incorporated into the generic
Build Strategy.

o



SELECTION OF SHIP TYPES

Four ship types were offered as potential examples
to the Pansl Proiect Tpam namelv

siva 2 avjewe asasiswayy

Destroyer,
Fleet Oiler,
RORO, and
Container.

The Team selected the fleet oiler and the container
ship in January 1993. As the project developed and the
industry interest shified even more from military to

roammerrial chine 2 nimher af comirreac recammendad
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that the fleet oiler example be changed to a products
tanker. Therefore, the final examples that were
selected to demonstrate the use of the Build Strategy
Development framework were a 42,400 tonne DWT

Dierrdse vt Tanlas ned 2N 1nn Sanmna nuarr
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Container/RO RO ship.

Attempts to get ship design information from U.S.
sources, for ships of these types recently designed
and/orconsﬁucted,wercunsumsﬁi Therefore, an

AOT™ A___1_ .3 __ 2 e dmeatonn oY AL .

Al Appxeuorc g[l mr a prouucts WIIECT diid WieC
MarAd PD-337 Commercial Cargo Ship (mon-
enhanced) design were used for the examples.

-
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UESTIONNAIRES

CAPABILITIES AND LEMITATIONS questionnaires
were prepared for distribution to U.S. and Canadian
shipbuilders. Their purpose was to determine current
understanding and use of the Build Strategy approach
and to determine current capabilities and limitations

xegardmgblmmngofselectedshxptyp&ssotha:
"common capabilities and limitations” could be
developed and used in the two Build Strategy
exampies,

Both questionnaires were sent to 22 private and
Navy shipyards. Questionnaires were received back
from three shipyards. The Build Strategy
Questionnaire was completely filied out in all three
cases. The Shipyard Capability and Limitation

QOuestionnaire was only completaly filled out by one

shipyard, with the other shipyards completing from 30
to 50 percent. Only onc of the shipyards that
responded to the questionnaires was willing to meet
with the project team. Two other shipyards agreed to a
team visit during telephone calls to solicit support for
the project. The Build Strategy Questionnaires were
also completed for two shipyards that were visited but
had not completed the questionnaires.

o

All five shipyards responding to the Build Strategy
Questionnaire were familiar with the Build Strategy
approach. Only one had nmever prepared a Build

Strateov document althouch even that chinened Jid
talegy eocumeni, anhougn oven {hat shipyard did

prepare many of the listed content components and was
of the opinion that it was not worth the effort to
produce a single Build Strategy document.

There were wide differences in the need for many of
the listed content components to be in the Build
Strategy document. However, 18 out of 51 components
were identified by at least four shipyards, and another
11 components by at least three shipyards. These 29
components were identified as Build Strategy

“mﬂnmmnﬂﬂnﬂ" anmmnnants Tom sascmacacte So 4o
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Construction Data group, namely: Number of Plate
Parts and Number of Shape Parts, were considered
unnecessary by all five shipyards. They will not be
incln&dintheBuildSn'ategyDocman The

23 __atem_ 9
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COmpOnEnts were

xsuuuuxug
"optional”.
The lack of response made it lmnossible to
determine common capabiliies and limitations.
However, the following findings are presented:

an
LU

Two shipyards have existing Marketing
Departments which are involved in Market
Research. Interestingly, they both have only
been involved in Navy or government

One shipyard has a central planning and
scheduling department_ the others have a
Master Planning Group that integrates the
planning and scheduling of the various
departments.

Two shipyards have separate Material

Plannmgl(‘nmml Gnmne and all three

shxpyaxds that xwponded to the questionnaire
use material coding MRP I or similar
systems.

Only one shipyard has a complete in house
engineering capability. Both the other
shipyards subcontract most of their
engineering to marine design agents.

Two shipyards use CAD concurrent
engineering, production oriented drawings,

ctandard snminasring nenscdnnes and
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engineering standard detaiis,

All three shipyards have complete in-house
lofting capability that are part of the
engineering department.

Two shipyards have Manufacturing Industrial
Engineering groups that are part of the
Production Department.
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® Engineering in all three shipyards is
functionally organized into the traditional
hull, machinery and electrical although their
work is prepared for block construction and
zone outfitting.

® Two shipyards use self-elevating, seif-
propelied transporters up to 250 ton capacity,
and both self and non-elevating trailers from
50 to 80 ton capacity. Fork lift trucks from 1
10 14 ton capacity are used for general
material handling.

®  All three shipyards claim to use block
construction, zone outfitting and packaged
machinery units. They all claim to use
Accuracy Control for structure and one
shipyard uses it for piping, ventilation and
electrical components.

® Al three shipyards have state of the art
painting capabilities.

U.S. SHIPYARD VISITATION

The project team visited BethShip, Awvondale
Shipyards and NASSCO. Each visit lasted a minimum
of four hours with one taking six hours. A proposed
agenda was sent to each shipyard prior to the meetings,
along with a number of additional questions which
would be asked during the visit The project team first
presented background information on the project, such
as description, objectives, and approach. Then the
purpose of the meeting was presented, which was to
discuss face to face the questionnaire responses and
clarify any questions. It was also to see what each
shipyard had done, and was doing, with regard to
Build Strategy. In addition, the Shipbuilding
Technology Office of the Naval Surface Warfare
Center at Carderock, Maryland was visited. The
purpose of this visit was to learn about the Generic
Build Strategy activity being worked on for the Mid
Term Fast Sealift Ship (MIFSS) program. The
purpose of the meeting was to determine how the two
projects could and should interact. The Navy reported
that there was considerable confusion in the industry
because of identical project titles, and concemn
regarding the relationship of the SP-4 Panel Build
Strategy project and the U.S. Navy's Mid Term Fast
Sealift Ship program. Questions being asked ranged
from "Are they connected?” to "How are the two
projects going to be differentiated? There is no
contractual conmection. The MTFSS program is
interested in using the Build Strategy approach for one
specific ship in a number of shipyards to reduce the
time taken from contract award to delivery of the ship.

The SP-4 project is interested in showing many
shipyards how to use the Build Strategy approach for
any ship type. The visit was most beneficial in
determining this difference and resulted in agreement
that it was necessary to differentiate between the two
projects to the maximum extent possible. It was
mutually decided to rename the SP-4 project and
further, to concentrating entirely on commercial
shipbuilding and ship types. It was decided to clearly
differentiate between the two projects by changing the
title of the SP4 project to BUILD STRATEGY
DEVELOPMENT.

All shipyards and the Shipbuilding Technology

Office were very cooperative and gemerous in the
giving of their time and sharing of their experiences
and information.
Strategy approach and had prepared a number of Build
Strategies in preparation of bids. Ship types involved
Build Strategies for at least one complete design/build
cycle. Ship types involved were container, sealift
conversion and T-AGS.

The departments having the major responsibility for
the Build Strategy Development were under Production
in two shipyards and part of Advanced Product
Planning and Marketing in the other shipyard.

All three shipyards were committed to using the
Build Strategy approach in continuing greater scope. -
This was entirely based on their own perceived
needs/benefits and was not being driven by external
demands or pressure.

The project team was able to review recent Build
Strategies at each shipyard and was impressed by the
level at which they were being used. Build Strategy
size ranged from 100 to 300 pages. Typical effort
ranged from 400 to 2000 man bours. However, it was
pointed out that most of the effort would be required in
any case. It simply was being performed earlier, up
front, in a formal and concurrent manner. Based on
this, the additional effort to prepare a Build Strategy is
likely to be about 400 hours. Obviously, the first time
it is done, the additional effort may be considerably
more as the new approach must be learned in a team
environment and many traditional barriers broken
down,

By this review and discussion of the Build
Strategies, it was possible to determine the items which
were considered by the shipyards to be essential, which
itemns were optional, and what should not be included
in the Build Strategy document.

The project team emphasized that it was necessary
for each shipyard to have a documented Shipbuilding
Policy on which to base their Build Strategies.
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Otherwise, each Build Strategy must contain the
required policy components.

The shipyards had a number of concerns and
emphasized the following requirements:

® Build Strategy document should not be so

structured that it discourage innovation or the

Dea smweres Gaavas Va

introduction of improved methods or facilities.
It should not attempt to tell shipyards how to
prepare drawings, build ships, define or limit
block size or dictate required production
information.

It should incorporate need for design for
producibility and be a guide for continuous

- o "TYYR
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The Build Strategy document and examples of
its use should be based entirely on commercial
ships of the type likely to be built in the U.S.
in the foreseeable future.

It should not address military shins of any
type.

The Build Strategy document must treat all
components of the design, build, and test
process with equal attention. So often the
"simpler” or "better known" front end design
and production decisions are more than
adequately treated, but the back end processes,
such as systein iesis and compariment check
off, are given minimum consideration in a
Build Strategy.

The two examples of the Build Strategy
document use should emphasize the ship type
major differences and their impact on the
Build Strategies.

The project should emphasize the benefits of
the formal Build Strategy approach. In doing
this an attempt should be made to determine
which world class shipbuilders use the Build
Strategy or similar approaches.

The project should also clmly describe the
Ppre-requisites that a shipyard shouid have or
develop before undertaking a Build Strategy to
ensure the best chance of an effective Build
Strategy being developed and implemented.
The use of preliminary and detailed Build

Strategies should be clearly described.

The project should provide documentation
that is suitable for use as an educational tool.

Because of the reluctance of most shipyards that
were contacted to share the detailed information
requested by the Shipyard Capabilities and Limitations
Questionnaire, no renewed attempt was made to obtain
this information during the visit. Imstead, each

6

shipyard visited was asked what were their two or three
major limitations. All three shipyards mentioned crane
capacity. They would all like to erect larger blocks
than currently possible. One shipyard would like to
increase crane capacity throughout the fabrication and
assembly shops, as well as for block erection on the

ways or m the M Annthar e‘lmpyard ""'G'\ﬂd ) 1 o

have more covered (out of the weather) buildings for
assembly and block construction. Finally, one shipyard
mentioned that its major limitation was timely
engineering.

U.S. SHIPYARD COMMON ATTRIBUTES

As previously mentioned, due to lack of response to
the Shipyard Capabilities and Limitations
Questionnaire, it was not possible to determine U.S.
shipyard common attributes which could be used in the

Bnild Suaﬂlmr Document In order to have a basis on

which to prepare the project Build Strategy Document
and examples of its use, a hypothetical shipyard was
defined by the project team. The hypothetical shipyard
represents no existing U.S. shipyard but rather
attempts to reflect some of the facilities and capabilities
of a typical U.S. shipyard that would be interested in
competing in the world commercial ship market. It
does not reflect the lowest common capabilities.

FOREIGN SHIPYARD VISITATION

Eight foreign shipyards were contacted, but only
four responded and three of them agreed to a visit.

Visits to the three foreign shipyards were made in
June and July, 1993. The shipyards were Ferguson's in
Port Glasgow, Scotland, a successful small shipbuilder,;
Odense Steel Shipyard in Denmark, a successful large
shipb\ﬁlderrepmedtobeoneofthebestshipbnﬂdemin
the world today; and Astilleros Espanoles in Spain,
another successful large shipbuiiding group which has
utilized many of the NSRP project publications to
assist them in their improvement program

All shipyards visited gave outstanding support in
time and effort to the team, and their hospitality was
exceptional. They were most open in showing and
describing their facilities, processes, goals, and
problems, and all stated that their willingness to
participate in projects to help the U.S. shipbuilding
industry improve was based on the belief that everyone
benefits from an open exchange of technology, a
sharing of problems, and the development of solutions
for their resolution.
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Ferguson's does prepare a Build Strategy for each
contract. They cover most of the recommended items
in the study proposed Build Strategy Document List.
Most of the optional items are omitted, although they
do include budgets. Build Strategy with budgets are
given restricted distribution. The Production

Enoinesrine Groun hag the mcnnncﬂuhiv to nrenare
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the Build Strategies with input ﬁ'om other
groups/departments.

Ferguson's Build Strategy is relatively simple (that's
how they like it), but even with their small size they
still see and achieve benefits from using the Build

Strategy approach. Ferguson's uses previous ‘Build
Strategies as the basis for new Build Strategy.

Ferguson's approach was to accept mid-1980
facilities and to concentrate on using their people more
effectively throngh integrated processes.

Odense Steel Shipyard (OSS) has excellent facilities
with up to date equipment and processes. They have
an extensive ongoing facilities improvement program.
They are not satisfied with any phase of their operation

and are alwavs cpplnnv continuons improvement, Thev
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arecurrentlybuﬂdmgtodaywhattheydldmthcpast
with 40% of man hours. OSS believes productivity is
the key to future success in global shipbuilding. They
have a goal of 6% annual productivity improvement.

Tvnical bnild cvcle is 12 month with 3 month in the
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building dock, one month outfitting and 3 weeks deck
trials and sea trials. Sea trials are normally 3 days and
once the ship leaves the shipyard for sea trials it does
not return to shipyard.

0SS does not use the Build Strategy approach, but
has a planning system that covers most of the Build
Strategy components and recognizes the need to
communicate this information in a formal manner to
the many users in a shipyard. OSS was not aware of
the Build Strategy approach. However, the way they
prepare and formally document and distribute their
planning documents achieves some of the same
objectives. OSS does have a long term business plan
and the Phase I part of their planning process is similar
to the Shipbuilding Policy. Their planning is totally

mtegrated. OSShasalwaysusedstandardprom
and standard details to the maxirmim extent. They are
an effective part of OSS high productivity in ail
departments and processes. OSS has very up to date
capabilities and is in the fortunate position of having

no known limitations for the foreseeable future.
Astilleros Espanoles is a grouping of diverse
shipyards covering all sizes of commercial ships and
ofishore vehicles/rigs. They have a central office in
Madrid. This central group performs much of the
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business planning and setting of each shipyard policy.
However, at the meeting with representatives of all

shipyards in the group, and at meetings at Sestau and
Peurto Real Shipyards, the enthusiasm of individual
managers for continuous improvement, including the
use of a Build Strategy approach, was very clear.

Each shipyard has its own 5 year plan covering
goals, productivity, ship typx and employew A major

naint 1!\ kar nea n{-'n“ va-nnn" ist +ha
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of a catalog of interim products for each shipyard.
Build Strategies were reviewed in two shipyards. They
covered most of the recommended items in the study
proposal Build Strategy Contents List In addition,

ﬂ\m added interectine information aghout tha chis
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owner, his existing fleet and operations. The study
proposed Build Strategy Contents List was modified to
incorporate this additional item as an option.

Astilleros Espanoles shipyards cover the range from

old chinvarde to ralativalv new facilitise it in all
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cases they have had significant modernization in the
last few years, some of which is still underway. Only
one shipyard acknowledged any limitations, and that
was the clear width of a bridge through which its ships
hadtopasstogettothesea

All of the shipyards visited stated that improvement
in productivity was the key to survivability and futnre
success in the global shipbuilding market place.

'BUILD STRATEGY DOCUMENT CONTENTS

LIST

A contents list, shown in Table III, was developed
for the Build Strategy Document from the
questionnaire responses, as well as from shipyard visit
discussion. The actual Build Strategy Document and
the two examples followed this contents list. An
introduction outlining the purpose of the Build
meeov Document, its mcapctpﬂ distribution in 2
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shxpyard andthcprereqmsxm for a successful Build
Strategy was also provided.
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TABLE IIT 3 .4 Installation Drawings R
PROPOSED BUILD STRATEGY 3.5 Installation Procedures R
DOCUMENT CONTENTS D&slgn & Engineering Schedule
R IS RECOMMENDED 44 1 Schedule R
0O IS OPTIONAL 4.4.2 Resourcing & Utilization &)
4.4.3 VFI Schedule R
1: INTRODUCTION 4.5 Datum's & Molded Definition (0
1.1 Purpose of Document R | J4-6 Design Standards R
1.2 Build Strategy Document Prerequisites R | |47 Functional Space Allocations R
1.3 Distribution R 4.8 Detail Design Guidelines
1.4 Summary R 4.38.1 Steelwork (9
4.8.2 Machinery 0
2: VESSEL DESCRIPTION 4.8.3 Pipework 0
..... n 4.8.4 Electrical )
‘ 1 uencral umnpuuu “ lV.I..lbblUll N N
2.2 Principal Particulars RI |4 8.5 Joinerwork 0
2.3 Special Characteristics & Requirements R} 4.8.6 Paintwork o
2.4 Comparisons/Differences From Previous
Vessels rl 15 PROCUREM.EN'.I‘
2.5 Applicable Regulations & Classification O] |°-1 Master Material List O
2.6 Owner Particulars 5.2 Master Equipment List 0
2.6.1 Background ol 15-3 Material Procurement Strategy (o]
2.6.2 Fleet. 0] |54 Procurement Scheduie R
2.6.3 Past Relationship o1 |3-5 Critical/l.ong Lead Items R
2.6.4 Competition 0
P 6: PLANNING & PRODUCTION
3: CONTRACTUAL 6.1 Strategic Planning
3.1 Contractual Dates & Time Constraints R 13 36.1.1 Key Event Program R
3.2 Payment O |6 1.2 Resourcing & Unhzanon 0
3.3 Liguidated Damages & Penalties R 1 16.1.3 Changes to Shipbuilding Policy R
3.4 Cancellation O} 16.1.4 Required Facility, Tooling & Equipment
3.5 Drawing Approval 0] Upgrade R
3.6 Construction Inspection O] }6.2 Work Breakdown
3.7 Trials 0] }6-2.1 Work Breakdown Structure R
3.8 Quality Rl 6.2.2 Coding R
6.3 List of Planning Unit
4: DESIGN & ENGINEERING 6.3.1 Huii Blocks R
4.1 Strategy & Scope 6.3.2 Zones R
4.1.1 General R} 16.3.3 Equipment Units R
4.1.2 Changes to Ship Definition Strategy R 16.3.4 Systems R
413M(_)dehng & Composxt&s R 16.4 Master Schedules
4.2 Key Drawings R} 16.4.1 Hull Blocks R
4.3 Production Information requirements 6.4.2 Zones R
4.3.1 CAM Information R 16.4.3 Equipment Units R
4.3.2 Manufacturing Information R 16.4.4 Systems R
14.3.3 Parts Listings R
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7 6.5 Hull Production Strategy
6.5.1 Preliminary Process Analysis

:
l Integration of Outfit

Process Analysis By Block
6.5.2 Non Standard Interim Products

6.5.3 Build Location & Launch Condition

6.5.4 Erection Schedule

6.6 Machinery Space Qutfit Strategy
6.6.1 Equipment Units

6.6.2 On Block Outfitting

6.6.3 On Board Outfitting

,6.7 Accommodation Outfit Strategy

6.8 Cargo & Other Space Outfit Strategy

6.8.1 On Block Outfitting

6.8.2 On Board Outfitting

6.9 Painting Strategy

6.9.1 Qutline Paint Specification

6.9.2 Pre-Painting

6.9.3 Primer Repair Strategy

6.9.4 Unit/Block Painting Strategy
|6 9.5 Zone Painting Strategy

6.9.5.1 Machinery Spaces

6.9.5.2 Outside Shell and Decks

6.9.6 Special Considerations

6.10 Sub-Contract Requirements

h » PUNSS Y

6.10.1 Boughi-In Iiems
6.10.2 Use of On-Site Sub-Contractors
6.11 Productivity

6.11.1 Productivity Targets

N sl VPPV P
6.11.2 Comparisons/Differences From

Previous Vessels
6.12 Temporary Services
6.12.1 Staging Plan
6.12.2 Access & chne Plan
6.12.3 Power & nghtmg
6.12.4 Weather Protection

7: ACCURACY CONTROL
MANAGEMENT PLAN

= C————————
7.6 Hot Work Shrinkage
O1 }7-6.1 Use of Extra Stock

7 6 2 Shﬂnbnnn Allawaﬁces

7.6.3 Distortion Control

8: TEST & TRIALS
8.1 Test Planning

, 8.1.1 Strategy

N RO

8.1.2 Schedule (High Level)
8.2 Pre-Completion Testing
8.2.1 Pre-Survey & Dry Survey
I 8.2.2 Pipe Pre-Testing

ARRA

8.2.3 Equipment Unit Pre-Testing
8.3 Tank Test Schedule

8.4 Equipment Unit Test Schedule
8.5 Pipe Unit Test Schedule

8.6 Zone Close-Out Strategy

8.7 Principal Trials ftems

R 9' PERSONNEL

RI 9.1 Industrial Relations Aspects
9.1.1 Design
9.1.2 Sub-Contract

R ] 192 Training
93 Project Orgamzat:on

R ] §5-3-1 Shipyard Organization Charts
l ,9 .3.2 Client's Organization Charts

10: WEIGHT CONTROL

10 1 Genoral

AVed NJIViiwidl

R} §10-2 Outline Procedure
10.3 Departmental Responsibilities

Q0O L

~ xR

ARRAFIOOO

.

AR 000
S S s

~ R

COOR

7.1 System Critical Dimensions & TolerancesR

7.2 Interim Product Critical Dimensions &

Tolerances R
7.3 Sampling Plan oI
7.4 Special Procedures (¢
l 7.5 Jig & Fixtures 9] |
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